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ABSTRACT 
Owing t o  t h e  f r e e  p a r t i c i p a t i o n  of a sh ips  o f  o p p o r t u n i t y  network,  t h e  SURTROPAC (SURvey 
o f  t h e  TROpical P A C i f i c )  programme i s  c o n t i n u o u s l y  su rvey ing  t h e  Western T r o p i c a l  P a c i f i c  
w i t h  s u r f a c e  measurements (meteorology, tempera ture  and s a l i n i t y )  and subsur face  measurements 
( 0-400111 thermal  p r o f i l e ) .  The Western P a c i f i c  Ocean may be desc r ibed  f r o m  two pe rspec t i ves :  
( a )  as a hea t  poo l  t h a t  concen t ra tes  thermal  energy and r e t u r n s  i t  t o  t h e  atmosphere and 
t h e  r e s t  o f  t h e  ocean; and (ti) as an area p a r t i c u l a r l y  s e n s i t i v e  t o  i n t e r - a n n u a l  o s c i l l a t i o n s  
assoc ia ted  w i t h  t h e  E l  N ino  phenomenon. 
The hea t  con ten t  of t h e  Western T r o p i c a l  P a c i f i c  seems t o  be o n l y  s l i g h t l y  a f f e c t e d  by  sea- 
sonal  v a r i a t i o n s .  Rather,  a l a r g e  amount o f  i t s  energy i s  exchanged w i t h  t h e  atmosphere 
p a r t i c u l a r l y  i n  t h e  v i c i n i t y  o f  t h e  i n t e r t r o p i c a l  convergence zone o f  t h e  winds. A sma l l  
thermal v a r i a t i o n  can induce a s t r o n g  v a r i a t i o n  o f  e n e r g e t i c  t r a n s f e r  t o  t h e  atmosphere, 
m a i n l y  i n  t h e  f o r m  o f  l a t e n t  heat .  From t h i s  l a t e n t  hea t  t r a n s f e r  and t h e  es t ima ted  r a i n -  
f a l l ,  an e v a p o r a t i o n - p r e c i p i t a t i o n  ba lance can be c a l c u l a t e d  t h a t  i s  s i m i l a r  t o  t h e  ba lance 
computed f rom t h e  su r face  s a l i n i t y .  
I n  t h e  Western P a c i f i c  Ocean, t h e  i n t e r a n n u a l  v a r i a t i o n  i s  u s u a l l y  connected t o  t h e  appear- 
ance o f  t h e  E l  Nino phenomenon and consequent ly  t o  t h e  Southern O s c i l l a t i o n .  Cond i t i ons  
r e l a t e d  t o  E l  Nino can be d i s t i n g u i s h e d  as p re -E l  Nino c o n d i t i o n s ,  c o n d i t i o n s  o c c u r r i n g  
d u r i n g  t h e  E l  N ino  i t s e l f  and p o s t - E l  b i n 0  c o n d i t i o n s .  These d i f f e r e n t  phases o f  E l  N ino  
are  desc r ibed  th rough c o n s i d e r a t i o n  o f  t h e  thermal p r o f  i l c s ,  sea l e v e l s  arid su r face  temper- 
a tu res  i n  t h e  whole P a c i f i c .  The c l i m a t i c  consequences i n  t h e  Western P a c i f i c  a re  a l s o  
p o i n t e d  o u t .  
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Until 1970, oceanography was practiced with the help of research vessels that carried out 
"oceanographic cruises" only when available. These cruises gave a very accurate snapshot 
description of the ocean, valid only for localised areas and for short time-scales o f  a 
few weeks. Repetition of these cruises was necessary to follow the evolution in time of 
the oceanographic conditions, and any such programme was very expensive. .- 
Between 1970 and 1980, the energy crisis rendered the fuel necessary for research vessels 
costly. On the other hand, the energy shortage also encouraged climatic research, since 
the forecasting of seasonal fluctuations helps to optimise fuel consumption. Also during 
this period, climatic research was given further impetus by the occurrence in the Pacific 
of two strong El Nino episodes (1972 and 1976), which seemed t o  have climatic effects on 
the entire planet, ranging from droughts in Australia, the southwest Pacific and northeast 
Brazil, to severe winters in the USA. 
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The f i r s t  E l  Nino s t u d i e s  p o i n t e d  o u t  t h e  g r e a t  i n f l u e n c e  o f  t h e  t r o p i c a l  ocean on t h e  c l i m -  
a t e  and p a r t i c u l a r l y  t h e  i n f l u e n c e  o f  t h e  P a c i f i c  Ocean. But  i n  o rde r  t o  unders tand t h e  
c l i m a t e  and then t o  f o r e c a s t  i t ,  i t  became e v i d e n t  t h a t  i t  would be necessary t o  f o l l o w  
t h e  thermal  s t a t e  o f  t h e  P a c i f i c  Ocean c o n t i n u a l l y ,  and t o  f i n d  a m o n i t o r i n g  method t o  
measure parameters r e l e v a n t  t o  t h e  unders tand ing  o f  t h e  c l i m a t e .  S a t e l l i t e  m o n i t o r i n g  was 
t h e  f i r s t  cand ida te ,  b u t  f o r  oceanographers, s a t e l l i t e s  a r e  s t i l l  n o t  ab le  t o  measure any- 
t h i n g  u s e f u l  o t h e r  than sea s u r f a c e  tempera ture .  On t h e  o t h e r  hand, a s imple,  economic 
and v e r y  f l e x i b l e  way o f  o b t a i n i n g  d a t a  was t o  make use o f  t h e  thousands of merchant sh ips  
c o n t i n u o u s l y  p l y i n g  t h e  oceans. Thanks t o  t h e  g o o d - w i l l  o f  t h e  s h i p - o f f i c e r s ,  a g r e a t  
v a r i e t y  o f  measurements can be done ( p h y s i c a l  o r  b i o l o g i c a l ,  s u r f a c e  o r  sub-sur face)  w i t h o u t  
t h e  need o f  s c i e n t i s t s  aboard. Therefore,  as p r e s e n t  s a t e l l i t e s  cannot measure a n y t h i n g  
below t h e  sur face ,  t h e  use  o f  merchant s h i p s  seems t o  be t h e  most s u i t a b l e  t o o l  f o r  t h e  
con t inuous  s tudy  o f  t h e  ocean wh ich  may lead  t o  t h e  unders tand ing  and perhaps p r e d i c t i o n  
o f  w o r l d  c l i m a t i c  c o n d i t i o n s .  
Fo r  t h i s  reason, as e a r l y  as 1969, t h e  o f f i c e r s  o f  f i v e  Japanese o r e - c a r r i e r s  were persuaded 
t o  a i d  s c i e n t i s t s  v o l u n t a r i l y  by  per fo rming ,  f r e e  o f  cos t ,  t h e  measurement o f  sea s u r f a c e  
tempera ture  and t h e  g a t h e r i n g  of s u r f a c e  samples between New Ca ledon ia  and Japan. The c l i m -  
a t i c  f e a t u r e s  observed i n  t h e  south  west P a c i f i c  d u r i n g  t h e  1972 E l  N ino  induced t h e  ex ten-  
s i o n  o f  t h i s  o b s e r v a t i o n a l  network i n  1974 t o  o t h e r  s h i p p i n g  rou tes ,  u n t i l  t h e  p r e s e n t  n e t -  
work was reached. The whole s tudy  i s  now c a l l e d  SURTROPAC (SURvey o f  t h e  TROpical P A C i f i c ) .  
SURTROPAC has p r o f i t e d  f rom a good oceanographic h e r i t a g e .  Through t h e  work o f  LEGAND and 
ROTSCHI, numerous d a t a  have been ob ta ined  f rom 1956 t o  1964 by Cent re  ORSTOM de Nouméa, 
l e a d i n g  t o  d e t e r m i n a t i o n  o f  water  masses and seasonal v a r i a t i o n s  i n  t h e  Cora l  Sea. Two 
ma jo r  exper iments,  EQUAPAC i n  1956 and t h e  I n t e r n a t i o n a l  Geophysical  Year ( IGY) i n  1958 
desc r ibed  t h e  c o n d i t i o n s  o f  t h e  t r o p i c a l  P a c i f i c ;  t h e  I G Y  c r u i s e s  pe rm i t ted ,  by  chance, 
t h e  d e t e r m i n a t i o n  o f  t h e  c o n d i t i o n s  t h a t  p r e v a i l e d  d u r i n g  t h e  1957-58 E l  Nino. From 1965 
t o  1972, t h e  a r r i v a l  o f  t h e  Research Vessel CORIOLIS gave a new impu lse  t o  t h e  research  
a t  t h e  Cent re  ORSTOM de Noum6a. I t  made t e n  v i s i t s  t o  t h e  170"E m e r i d i a n  f r o m  20"s t o  5"N 
between 1965 and 1968, as an oceanographic s h u t t l e  (MAGNIER, ROTSCHI, RUAL and COLIN, 1973).  
Dur ing  t h i s  same t i m e  frame (1967-68), t h e  i n t e r n a t i o n a l  EASTROPAC e x p e d i t i o n s  desc r ibed  
t h e  water  masses and seasonal v a r i a t i o n s  i n  t h e  Eas te rn  P a c i f i c .  I n  a d d i t i o n ,  some s u r f a c e  
sampl ing  exper iments  were conducted: i n  t h e  Tasman and Cora l  seas by C S I R O  A u s t r a l i a  and 
i n  t h e  P a c i f i c  between Hawai i  and T a h i t i  by  t h e  Bureau o f  Commercial F i s h e r i e s  o f  Hono lu lu .  
2. METHODS OF THE SURTROPAC PROGRAMME 
The t r o p i c a l  P a c i f i c  Ocean i s  mon i to red  from merchant s h i p s - o f - o p p o r t u n i t y  t h a t  r e p o r t  t o  
t h e  Cen t re  ORSTOM de NoumCa and t o  t h e  Cen t re  ORSTOM de Papeete, where t h e  da ta  a r e  ga thered 
and processed (F ig .1 ) .  
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FIG.l. Ships-of-opportunity network in the Pacific. The dots 
represent XBT profiles obtained from 1979 to 1984. 
The following shipping routes are operated: 
Noumea - Hong Kong 
Noumea - Japan 
Noumea - California 
Noumea - Tahiti - Panama 
Noumea - New Zealand 
Noumea - Australia 
Papeete - Honolulu 
Papeete - California 
Papeete - Panama 
Papeete - New Zealand 
Surface and subsurface data are gathered including meteorological parameters, temperature, 
salinity, and biological measurements (phytoplankton, chlorophyll, zooplankton) at the sur- 
face, and a temperature profile from the surface to 400m depth using XBTs. 
The contacts with the observers are essential to maintain the. experiment and ensure its 
continued success. As the experiment is based on the voluntary work o f  the officers and 
crews of the ships-of-opportunity, it is essential to maintain their enthusiasm and moti- 
vation (DONGUY, 1980). 
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3. THE WESTERN TROPICAL PACIFIC AS A HEAT POOL 
The t r o p i c a l  ocean s t r o n g l y  i n f l u e n c e s  t h e  E a r t h ' s  c l i m a t e  due t o  i t s  c a p a c i t y  bo th  t o  s t o r e  
t h e  hea t  p rov ided  by t h e  sun and t o  expor t  i t  t o  o t h e r  geograph ic  reg ions .  Owing t o  i t s  
g r e a t  s i ze ,  t h e  P a c i f i c  Ocean accompl ishes a ma jo r  p a r t  o f  t h i s  f u n c t i o n .  I n  t r o p i c a l  areas, 
t h e  usua l  westward c u r r e n t s  concen t ra te  much o f  t h i s  hea t  i n  t h e  western  P a c i f i c .  Schematic- 
a l l y ,  i t  seems t h a t  i n  t h e  eas te rn  p a r t  o f  t h e  P a c i f i c  t h e  ocean i s  absorb ing  energy f r o m  
t h e  atmosphere (WEARE, STRUB and SAMUEL, 1981a,b), whereas i n  t h e  western  p a r t  t h e  ocean 
i s  t r a n s f e r r i n g  t h e  hea t  t o  t h e  atmosphere. A s tudy  o f  t h e  mechanisms and t h e  annual v a r i -  
a t i o n s  o f  t h i s  heat  t r a n s f e r  i s  t h e  main goa l  o f  t h e  i n t e r n a t i o n a l  programme TROPICAL OCEAN 
and GLOBAL ATMOSPHERE (TOGA). As a p r e l i m i n a r y  s tep  t o  t h i s  study, i t  i s  a p p r o p r i a t e  t o  
rev iew  t h e  p resen t  s t a t u s  o f  knowledge about hea t  c o n t e n t  i n  t h e  Western T r o p i c a l  P a c i f i c .  
3.1 Therma 1 pat  t e r n  
When t r a d e  w inds  blow a long t h e  e q u a t o r i a l  P a c i f i c ,  t h e  westward w ind  s t r e s s  ba lances  an 
eastward p ressu re  g r a d i e n t  t h a t  i s  assoc ia ted  w i t h  an eastward decrease i n  t h e  dep th  o f  
t h e  the rmoc l i ne .  Consequently, t h e  the rmoc l i ne  i s  much deeper i n  t h e  western  P a c i f i c  t han  
i n  t h e  e a s t e r n  P a c i f i c  (150111 i n  t h e  west, l e s s  than  50m i n  t h e  e a s t ) .  I n  t h e  western  P a c i f i c ,  
energy i s  s t o r e d  between t h e  sur face  and 150m dep th  i n  the f o r m  o f  heat, and i s  p a r t l y  
r e t u r n e d  t o  t h e  atmosphere by  a i r - s e a  exchange supplemented by  atmospher ic convec t i on .  
I n  t h e  western  e q u a t o r i a l  P a c i f i c ,  t h e  seasonal f l u c t u a t i o n s  o f  t h e  hea t  con ten t  a r e  sma l l  
(F ig .2 )  b u t  t hey  a re  l a r g e  i n  t h e  eas te rn  e q u a t o r i a l  P a c i f i c  (DONGUY and HENIN, 1981a). 
I n  t h e  n o r t h e r n  summer, however, t h e r e  i s  a zone o f  r e l a t i v e l y  l a r g e  h e a t  con ten t  wh ich  
extends eas tward  a long 5"-10"N whereas i n  t h e  southern  summer i t  ex tends  eastward near  8"s. 
The hea t  i s  t r a n s p o r t e d  t o  t h e  eas t  by t h e  c o u n t e r c u r r e n t s  c h a r a c t e r i s t i c  o f  these l a t i t u d e s  
(Fig.3) ( H E N I N  and DONGUY, 1980).  
3 . 2  Ocean-Atmosphere re la t ions  
The western  T r o p i c a l  P a c i f i c  exchanges a l a r g e  q u a n t i t y  o f  energy  w i t h  t h e  atmosphere th rough  
t h e  sea su r face .  These exchanges occur  m a i n l y  c l o s e  t o  t h e  I n t e r t r o p i c a l  Convergence Zone 
o f  t h e  w ind  (ATKINSON and SADLER, 1970) ( F i g . 4 ) .  West o f  180" l ong i tude ,  t h i s  convergence 
appears a t  10-15"N l a t i t u d e  i n  t h e  Nor the rn  Hemisphere d u r i n g  t h e  n o r t h e r n  summer, and a t  
IO-15"s l a t i t u d e  i n  t h e  Southern Hemisphere d u r i n g  t h e  sou the rn  summer. However, t h e  con- 
vergence does n o t  d isappear  comp le te l y  i n  t h e  Southern Hemisphere i n  t h e  n o r t h e r n  summer 
when i t  c o n s t i t u t e s  t h e  South P a c i f i c  Convergence Zone. 
East o f  180" l ong i tude ,  t h e  convergence u s u a l l y  remains  between 5-IOON, b u t  d u r i n g  February- 
March i n  t h e  v i c i n i t y  o f  100"W i t  l i e s  e i t h e r  c l o s e  t o  t h e  equator  o r  j u s t  sou th  o f  i t . 
The p o s i t i o n  o f  t h e  Convergence Zone o f  t h e  w ind  i s  a l s o  w e l l  d e f i n e d  i n  t h e  c h a r t s  o f  w ind  
d ivergence ( O I B R I E N  & GOLDENBERG, 1982) wh ich  show t h a t  a minimum o f  d i ve rgence  occu rs  i n  t h e  
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FIG.2. Mean temperature (0-100m) between New Caledonia and 
Japan f o r  1979-1981. (from DONGUY and H E N I N ,  1981a). 
south during January and in  the  north during August. This kind of seasonal var ia t ion  had 
been already noticed by WYRTKI and MEYERS (1976) and MEYERS (1979). 
The influence of these convergence zones i s  important f o r  t he  ocean-atmosphere exchange 
and consequently f o r  t he  climate i t s e l f .  They a r e  areas of strong atmospheric convection: 
the warm humid a i r  r e su l t i ng  from the  contact w i t h  the ocean, r i s e s  u p  and  i t s  water vapour 
condenses re leas ing  l a t e n t  heat and re inforc ing  the  convective ac t iv i ty .  However, t h e  r o l e  
of t he  convergence zone i s  obscure: t h e  wind the re  i s  weak, whereas the  evaporation i s  pro- 
portional t o  the  wind speed. Furthermore, t h e  r e s u l t s  of WEARE, STRUB and SAMUEL (1981a,b) 
do not i nd ica t e  a g rea t  heat exchange within these  zones. Probably most of t he  l a t e n t  heat 
released i n  t h e  convergence zones comes from water vapour ca r r i ed  in from outs ide  areas 
r a the r  than from loca l  evaporation. 
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FIG.3. (a) Mean temperature (0-100m) in August-September 1956. 
Mean temperature (0-100m) in October-December 1961. ( b )  
(from HENIN and DONGUY, 1980a) 
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FIG.4. Seasonal o s c i l l a t i o n  of the  Convergence Zone of t he  
wind in the  Western Pac i f i c .  Above: convergence zone 
a t  10"N in  September-October. Below: convergence zone 
a t  15"s in February-March. (From ATKINSON and S A D L E R ,  
1970). 
3.3 Thermal balance 
Several s tud ie s  have been reported on t h i s  subject (HASTENRATH, 1980; WEARE, STRUB and SAMUEL 
1981b; ESBENSEN and KUSHNIR, 1981; STEVENSON and N I I L E R ,  1983; R E E D ,  1983; OORT and VON 
DER HAAR,  1976; TALLEY, 1984; and E N F I E L D ,  1986). 
The net heat t ransfer red  between ocean and atmosphere can be expressed by: 
9, = 9, - q i  - 9 h  - Q,, where 
Qn = net heat t r ans fe r  
9, = incident short-wave energy f lux  
Qi = net infra-red rad ia t ion  t r ans fe r  
qh = sens ib le  heat l o s t  from the  ocean 
9, l a t e n t  heat l o s t  by evaporation 
These parameters a re  estimated by empirical bulk aerodynamical formulae b u t  in the  western 
Pac i f i c  only a few data a re  ava i lab le  t o  compute them. According t o  WEARE, STRUB and SAMUEL, 
(1981b), in t h e  western Equatorial Pac i f i c  the  ocean i s  absorbing energy b u t  a t  a much lower 
r a t e  than in the  eas te rn  Equatorial Pac i f i c .  There i s  a l so  an energy t r ans fe r  from the  
* 
t 
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ocean t o  t h e  atmosphere sou th  of 15"s. 
a t o l o g i e s  used by  t h e  p r e v i o u s  s t u d i e s .  
ENFIELD (1986) made a c r i t i c a l  a n a l y s i s  o f  t h e  c l i m -  
The main  mechanism o f  t h e  energy t r a n s f e r  f r o m  t h e  ocean t o  t h e  atmosphere i s  p r o b a b l y  t h e  
t r a n s f e r  o f  l a t e n t  hea t  by  evapora t ion ,  wh ich  i s  maximum i n  t h e  T r o p i c a l  Western P a c i f i c  
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FIG.5. F l u x  c$, l a t e n t  h e a t  th rough t h e  sea s u r f a c e  by evapora t i on  
i n  Wm ,. 1957-76 average ( f r o m  WEARE, STRUB and SAMUEL, 
1981b) 
3 .4  I n f l u e n c e  of sea  sur face  tetnperature v a r i a t i o n s  on t h e  atmooplieiv 
The response of t h e  a tmospher ic  c i r c u l a t i o n  t o  sea s u r f a c e  anomal ies was mode l led  by  WEBSTER 
(1981, 1982) w i t h  i n t e r e s t i n g  r e s u l t s .  However, t h e  anomal ies used i n  h i s  model were s t r o n g  
(5"C), and a l though  such anomal ies can be observed i n  t h e  c e n t r a l  and eas te rn  P a c i f i c ,  t h e y  
do n o t  occur  i n  t h e  western  t r o p i c a l  P a c i f i c .  There, t h e  thermal  anomal ies a re  weak, always 
l e s s  than 2"C, b u t  t h e i r  p e r s i s t e n c e  i s  l o n g , p o s s i b l y  as l o n g  as one yea r  a t  t h e  equa to r  
(REBERT and MORLIERE, i n  p r e s s ) .  Through a s i m u l a t i o n  exper iment,  t h e  assumption has been 
t e s t e d  t h a t  a weak s u r f a c e  thermal  v a r i a t i o n  may induce  a s t r o n g  change i n  t h e  energy t r a n s -  
f e r  i n t o  t h e  atmosphere, p a r t i c u l a r l y  i n  t h e  fo rm o f  l a t e n t  heat .  A long t h e  s h i p p i n g  r o u t e  
between Noumea and Japan, sea su r face  d a t a  f rom s h i p s - o f - o p p o r t u n i t y  have been used by  2" 
l a t i t u d e  bands and a sea su r face  tempera ture  anomaly o f  t h e  same s i z e  as t h e  annual v a r i a t i o n  
(0.5-0.7"C) has been app l i ed ,  t h e  o t h e r  parameters (w ind  v e l o c i t y ,  w a t e r - a i r  tempera ture  
d i f f e r e n c e ,  c o e f f i c i e n t  o f  t u r b u l e n t  exchange) b e i n g  equal  t o  t h e  annual mean. The r e s u l t s  
(F ig .6 )  show t h a t  t h e  mean va lue  o f  Q, + Q, (120 Wm-*) i s  l e s s  than t h e  one computed by  
WEARE, STRUB and SAMUEL (1981b). The mean v a l u e  has maxima a t  5"s and 14"s. The r a t i o  
o f  t r a n s f e r  between a warm s t a t e  and a c o l d  s t a t e  r e l a t i v e  t o  t h e  average i s  50%, whereas 
t h e  v a r i a t i o n  i n  tempera ture  i s  o n l y  between 1-1.4"C. T h i s  r e s u l t  a p p l i e s  when t h e  sea 
s u r f a c e  tempera ture  i s  above 25°C due t o  t h e  n o n - l i n e a r  n a t u r e  o f  Q1 as a consequence o f  
t h e  exponen t ia l  behav iou r  o f  t h e  s a t u r a t i o n  vapour p ressu re  w i t h  t h e  tempera ture  (GILL and 
RASMUSSON, 1983).  T h i s  s i m u l a t i o n  seems t o  c o n f i r m  t h a t  a weak v a r i a t i o n  o f  t h e  s u r f a c e  
. .  
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FIG.6. ( a )  Meridional d i s t r ibu t ion  of mean heat t r a n s t e r  ( l a t e n t  
Qa + sens ib le  Q h ) ,  between New Caledonia and Japan, 
based on mean sea sur face  temperature ( T )  plus or minus 
the  year-to-year v a r i a b i l i t y  with o ther  f a c t o r s  held 
constant.  
( b )  Ratio of year-to-year var ia t ion  t o  annual mean 
heat t r ans fe r  ( l a t e n t  t sens ib l e ) .  
temperature above 25°C leads t o  strong va r i a t ions  of energy t r ans fe r .  NEWELL (1979) showed 
a l so  t h a t  " t ropica l  sea  sur face  temperature cannot go above about 30°C because a t  higher 
temperature lo s s  of energy by evaporation f a r  exceeds energy input".  
3.5 Evaporation - Precipitation balance 
By comparing the  annual estimation o f  r a i i f a l l  in the  t rop ica l  Pac i f i c  (TAYLOR, 1973) t o  
t he  l a t e n t  heat t r ans fe r ,  WEARE et aZ. (1981b) established an annual Evaporation - Precip t- 
a t ion  balance expressed in f lux  un i t s  (Wm-2). The balance may be a l so  expressed i n  mil i- 
metres per year using the  equivalence IWm-' = 12.7mm y-'. Figure 7 shows t h a t  the  E-P bal- 
ance i s  negative west of 180" and with two extrema of 1500mm y-', one on  t h e  equator north 
of New Guinea, t he  o ther  a t  IO'S, 170"E. Consequently, in t h i s  area,  t he re  i s  a supply 
of moisture coming from surrounding regions,  corresponding t o  the  In t e r t rop ica l  Convergence 
Zone of t h e  Wind. East of 180', the  balance i s  pos i t i ve  with a maximum (+1000mm y-') located 
a t  t he  equator, corresponding t o  a source of moisture f o r  t he  atmosphere. 
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FIG.7. Evaporation-Precipitation balance expressed in milli- 
metres per year in the Western Pacific. (from WEARE 
e t  al, 1981a) 
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The surface of I moisture can be considered as the result of the Evaporation-Precipitation 
balance and of a zonal, meridional and vertical advection of moisture. The surface salinities 
gathered by the ships-of-opportunity since 1969 are valuable data which were used by DONGUY 
and HENIN (1978a) to draw the annual mean of the surface salinity (Fig.8) and to compare 
it t o  the E-P balance. An E-P minimum located at IOOS coincides with a salinity minimum 
(DONGUY and HENIN, 1975), and east of 180°, the equatorial maximum coincides with the equat- 
orial salinity maximum. If the salinity increases linearly from the surface to a depth 
d, where a constant salinity SI exists, the height of fresh water h that can induce the 
surface freshening is expressed by: 
' SI - S2 
h = Ad 
S2 is the surface salinity (DONGUY and HENIN, 1976a, 1980a). The distribution of the com- 
puted fresh water (Fig.9) is not quantitatively in agreement with the E-P balance (Fig.7). 
However, the equatorial E-P maximum coincides with a fresh water minimum, and the E-P minimum 
at 10"s with a fresh water maximum. The discrepancy observed north of New Guinea between 
the amount of fresh water from latent heat (Fig.7) and the one from sea surface salinity 
60 
120°E 140°E 160'E 1 6 O o W  
FIG.8. Mean su r face  s a l i n i t y  i n  t h e  Western P a c i f i c  ( f r o m  
DONGUY and HENIN, 1978a). 
(F ig .9 )  i s  p o s s i b l y  due t o  t h e  r i v e r  r u n o f f .  Surface s a l i n i t y  depends upon t h r e e  f a c t o r s :  
1. Evapora t i on  - P r e c i p i t a t i o n  ba lance 
2. H o r i z o n t a l  and v e r t i c a l  advec t i on  
3. R i v e r  r u n  o f f  
N e g l e c t i n g  t h e  l a s t  f a c t o r  and t h e  d i f f u s i o n  terms, one may w r i t e  t h e  f o l l o w i n g  equa t ion  
f o r  s t a t i o n a r y  regime: 
as - P-E u as t v -  as .i. w -  - - i x , y )  
az d ' ax ay 
wh ich  means t h a t  advec t i on  i s  compensated by t h e  P-E balance. 
A t  t h e  equator,  w i t h  e a s t e r l i e s  b l o w i n g  (F ig .8 ) ,  a h i g h  s a l i n i t y  tongue appears ( > 3 5 ~ 1 0 - ~  
because o f  t h e  combined i n f l u e n c e  o f  t h e  e q u a t o r i a l  upwe l l i ng ,  westward advec t i on  and a 
p o s i t i v e  E-P ba lance (DONGUY and MORLIERE, 1983). On t h e  o t h e r  hand, when w e s t e r l i e s  blow, 
low s a l i n i t y  water  ex tends  over  t h e  e q u a t o r i a l  a rea  due t o  t h e  l ack  o f  e q u a t o r i a l  upwe l l i ng ,  
t h e  eastward advec t i on  and a n e g a t i v e  E-P ba lance (DONGUY and HENIN, 1976b; LEMASSON and 
PITON, 1968).  The s a l i n i t y  maxima a re  s u b j e c t  t o  seasonal  v a r i a t i o n s :  t h e  s a l i n i t y  maximum 
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FIG.9. Thickness of f r e sh  water in mill imetres inferred from 
the  sea surface s a l i n i t y .  
in the  cent ra l  South Pac i f i c  i s  usually l e s s  extensive in February-March (weaker SE t r ades )  
than i n  August-September (stronger SE t r ades ) .  The s a l i n i t y  maximum located southwest of 
New Caledonia seems t o  have an opposite regime ( D O N G U Y  and  H E N I N ,  1977). 
In conclusion, i t  seems tha t  in the  Western Pac i f ic  the  surface s a l i n i t y  can be considered 
as a mirror of c l imat ic  conditions ( D O N G U Y  and H E N I N ,  1978b). 
4. INFLUENCE OF THE WIND IN THE WESTERN PACIFIC 
The equatorial  and t ropica l  western. Pac i f i c  Ocean seems not t o  have strong seasonal var i -  
a t ions  l i k e  those of the  eastern Pac i f i c  because the  heat budget i s  dominated by d i f f e ren t  
processes in the  two regions. I n  the  west, the  balance of the  exchanges i s  primarily between 
sur face  f l u x  and ve r t i ca l  d i f fus ion ,  while t o  the  eas t ,  advection and  meridional d i f fus ion  
a re  a l so  important ( E N F I E L D ,  1986). I n  addition, in the  west, t he  heat content from the  
sur face  t o  the  thermocline i s  regulated by a balance between inso la t ion  and  evaporation. 
The e f f e c t  of the  so l a r  forc ing  i s  t o  increase the  sea sur face  temperature b u t  simultaneously 
l a t e n t  heat f l ux  changes in a non l i n e a r  way and consequently the  increase i s  counteracted 
and the  sea  sur face  temperature does not exceed 30°C (NEWELL, 1979). This mechanism explains 
why the heat content does not seem to be affected by seasonal variations (Fig.2) (DONGUY 
and HENIN, 1981a). On the other hand, the surface salinity, which reflects the climate 
conditions, shows clear seasonal variations (DONGUY and HENIN, 1978a; HENIN and DONGUY, 
1978b; DONGUY and MORLIERE, 1983). 
On the contrary, the year-to-year variations of heat content are important in the western 
tropical Pacific and are able to mask seasonal variations (DONGUY and HENIN, 1976b). They 
are usually connected to the occurrence of El Nino. 
4.1 Et Nino 
El Nino is the name of the weak seasonal current that appears along the Pacific coast o f  
South America at Christmas. This current usually brings southward, nutrient-poor, warm 
and low salinity waters from the equatorial region and northern hemisphere and it temporarily 
displaces the Peru Current, which normally carries cold, high salinity and nutrient-rich 
waters northward. On the land anomalous rainfalls occur; and birds and fishes either migrate 
out of the region or suffer high mortalities through starvation. 
Until 1970, El Nino was considered an important event but only of local significance. Now, 
we know that this phenomenon observed along the South America coast is only a small part 
of a worldwide event. Numerous climatic anomalies appear at the same time on the entire 
planet such as droughts in Australia, Indonesia (QUI", ZOFF, SHORT and KU0 YANG, 1978), 
the southwest Pacific (DONGUY and HENIN, 1980b), and northeast Brazil (KOUSKI, 1984); severe 
winters in USA (RASMUSSON and WALLACE, 1983; PHILANDER, 1983), and Japan (YAMANAKA, 1984; 
WHITE and YOU HAI HE, 1986), and the anomalous occurrence of cyclones in the central Pacific 
(DONGUY, BEGAUD, EBSTEIN and CALVEZ, 1979; REVELL and GOULTER, 1986). 
4.2 Southern Oscillation 
The worldwide appearance of the oceanic El Nino is connected to the atmospheric Southern 
Oscillation, and consequently the two phenomena are linked in what are now termed El Nino/ 
Southern Oscillation (ENSO) episodes. The Southern Oscillation may be indexed by the anomaly 
from the long-term monthly mean of the difference between the atmospheric pressure at Tahiti, 
near the centre of the South Pacific anticyclone, and at Darwin Australia, in the area of 
the Indonesian low pressure centre. 
The difference o f  atmospheric pressure from one extremity of the equator to the other in 
the Pacific Ocean is related to the strength of the Walker circulation (Fig.lO), which inc- 
ludes ascending movements of the air masses above the warm area of the western Pacific (low 
pressure) and the descending movements above the cool area of the eastern Pacific (high 
pressure) (WYRTKI, 1979a, 1982; BJERKNES, 1969). Above the Indian Ocean another Walker 
Cell exists but with a reversed circulation; the ascending branch is above the warm areas 
of the Eastern Indian Ocean and joins the Western Pacific ascending one. 
--' 
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FIG.10 Schematic representation o f  atmospheric and oceano- 
graphic conditions for the pre and post El Nino periods 
at the equator (from DONGUY, DESSIER, ELDIN, MORLIERE 
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FIG.ll. Atmospheric pressure anomaly at Darwin (Australia) and 
at Tahiti computed for a composite including 9 E l  
Ninos (from VAN LOON and SHEA, 1984). 
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When t h e  Southern O s c i l l a t i o n  Index (SOI)  i s  h igh, e a s t e r l y  t r a d e  winds a re  i n t e n s e  a long  
t h e  equator  (Fig.11).  T h i s  occurs  d u r i n g  t h e  p e r i o d  p reced ing  E l  Nino, c a l l e d  t h e  p re -E l  
Nino pe r iod .  Accord ing  t o  WYRTKI, STROUP, PATZERT, WILLIAMS and Q U I N N  (1976), when t h e  
p ressu re  d i f f e r e n c e  between T a h i t i  and Darwin reaches 13 m i l l i b a r s ,  a c r i t i c a l  p o i n t  i s  
reached when r e l a x a t i o n  o f  t r a d e  winds i s  observed i n  t h e  e q u a t o r i a l  zone and an E l  Nino 
event  appears; however, t h i s  s ta tement  i s  no  l onger  f u l l y  comprehensive as t h e  1982-83 E l  
N ino  s t a r t e d  w i t h o u t  t h i s  c o n d i t i o n .  When t h e  SOI i s  low o r  n e g a t i v e  e a s t e r l y  t r a d e  winds 
a r e  weak o r  even west w ind  may blow on t h e  equator ,  as happens d u r i n g  E l  Nino (F ig .11)  (VAN 
LOON and SHEA, 1984). 
I 
4.3 Pre-El Nino conditions 
The Pre-E l  N ino  c o n d i t i o n s  a r e  c h a r a c t e r i s e d  by  a we l l -deve loped Walker C e l l  i n  t h e  atmos- 
phere  (F ig .10)  and consequent ly  by a p e r i o d  o f  p r e v a i l i n g  t r a d e  winds assoc ia ted  w i th  a 
h i g h  S O I .  These t r a d e  winds b low ing  a long t h e  equator  induce a s t r o n g  e q u a t o r i a l  upwe l l i ng .  
WYRTKI (1981) has desc r ibed  t h e  eas te rn  P a c i f i c  aspec t  o f  t h i s  upwe l l i ng ,  b u t  i n  t h e  Western 
P a c i f i c ,  e q u a t o r i a l  u p w e l l i n g  occurs  i n  a d i f f e r e n t  way. The t r a d e  winds, push ing  wa te rs  
westward f r o m  t h e  eas te rn  P a c i f i c  a long t h e  equator,  i nduce  a p i l i n g  up o f  t h e  wa te r  i n  
t h e  western  P a c i f i c  wh ich  i s  d e t e c t a b l e  as an i nc rease  o f  sea l e v e l .  By b a r o c l i n i c  a d j u s t -  
ment, i so the rms  and t h e r m o c l i n e  deepen by  s e v e r a l  t ens  o f  met res .  S imu l taneous ly ,  t r a d e  
winds a t  t h e  equator  induce e q u a t o r i a l  u p w e l l i n g  w i th  l i f t i n g  up o f  t h e  iso therms.  I n  p re -  
E l  N ino  i n  t h e  Western P a c i f i c ,  t h e r e  i s  t h e  f o l l o w i n g  p e r p l e x i n g  s i t u a t i o n :  t h e r m o c l i n e  
deepens by b a r o c l i n i c  ad jus tment  b u t  nea r -su r face  iso therms r i s e  by u p w e l l i n g .  However, 
t h e  e q u a t o r i a l  u p w e l l i n g  occu rs  o n l y  i n  a 100m t h i c k  s u r f a c e  l a y e r  so t h a t  t h e  n e g a t i v e  
tempera ture  anomaly a t  t h e  s u r f a c e  i s  e i t h e r  weak o r  non -ex i s ten t .  
Dur ing  t h e  p re -E l  N ino  pe r iod ,  t h e  hea t  c o n t e v t  i n  t h e  e q u a t o r i a l  a rea  o f  t h e  western  P a c i f i c  
i s  v e r y  l a r g e  and t h e  ocean atmosphere exchanges a re  p a r t i c u l a r l y  i n tense .  A tongue of 
h i g h  sur face  s a l i n i t y  extends a long the  equator ,  due t o  a combina t ion  o f  westward advec t ion ,  
t h e  l a c k  of r a i n f a l l  and a m i x i n g  w i t h  t h e  more s a l i n e  subsurface water .  Su r face  h i g h  s a l i -  
n i t y  water  i s  connected t o  a maximum s a l i n i t y  c o r e  l o c a t e d  a t  t h e  the rmoc l i ne  l e v e l  as shown 
by d a t a  c o l l e c t e d  d u r i n g  t h e  c r u i s e  on BORA 2 c a r r i e d  o u t  by t h e  Cent re  ORSTOM de Noumea 
i n  1966 (F ig .12 )  (ROTSCHI, HISARD and JARRIGE, 1972).  
The p reva lence  o f  t r a d e  winds i n  t h e  e q u a t o r i a l  a rea  (Tab le  1 )  induces t h e  e x i s t e n c e  o f  
a c l i m a t i c  scenar io  c h a r a c t e r i s t i c  of the-Tpre-El N ino  i n  t h e  western  P a c i f i c  (DONGUY, 1982).  
So, e a s t e r l y  winds b low ing  i n  t h e  e q u a t o r i a l  area (5ON-5"S) induce e q u a t o r i a l  u p w e l l i n g  
and h i g h  s u r f a c e  s a l i n i t y .  Sur face  c u r r e n t  i s  westward, t h e  sea l e v e l  i nc reases  westward 
and t h e  t h e r m o c l i n e  deepens w i t h  a g r e a t  hea t  con ten t .  The e q u a t o r i a l  a rea  i s  c h a r a c t e r i s e d  
by a p o s i t i v e  E v a p o r a t i o n - P r e c i p i t a t i o n  ba lance and consequent ly  by an a r i d  c l i m a t e .  The 
t r o p i c a l  a rea  (5"N-15"NY 5"S-I5"S) on t h e  o t h e r  hand, i s  c h a r a c t e r i s e d  by t h e  presence o f  
t h e  convergence of t h e  winds. The c u r l  o f  t h e  w ind  s t r e s s  i s  a f f e c t e d  and consequen t l y  
t h e  d ivergence of Ekman t r a n s p o r t  may vary,  i n d u c i n g  a change i n  t h e  dep th  o f  t h e  mixed 
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T a b l e  I .  Sequence of e v e n t s  d u t l n g  p r e  E l  N l n o  and post E l  N l n o  phases I n  t h e  western P a c l t l c  Ocean 
Pro E l  N l n o  
SMALL 
SHALLOW HEAT EXTRA 
THERMXLINE CONTENT RAIN RAIN 
SURFAE 
S N l N l T Y  
HIGH 
SURFACE 
SN I NI  TY 









I TCZ DOWNWELL I N 
S W L  FEW 
SHNLOW HEAT TROPICAL NO 











UPWELL I No 
P o s t  E I  N l n o  
LOW I 
65 
I " "  1 " " 1 " ~ ' 1 " " " " ' ~  
N 5. 0. 5. 10. 15. 200 s 
I f 
. . . . . . . . .  ..: . . .  . . .  . . .  
...... 
. - -  
- . . -  
200- 
..... . ' .  
300- 
. .  
. .  
. .  . . . . . . . . . .  
* .  * . . . . . . . .  
* .  . . . . .  
. . . . . . . .  
* .  
. .  
..' 
. .  
i , U , , l , , , , I , , , , l , B  S A L I N I T Y  
500 
m l  
FIG.12. Vertical distribution o f  salinity at 170"E observed 
along a transect from 5"N to 20"s during the cruise 
BORA 2 (March-April 1966), during pre El Nino conditions. 
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induces a negative displacement of the isotherms (DONGUY, HENIN, MORLIERE and REBERT (1982) 
and consequently deepening of the thermocline, in phase with the deepening observed at the 
equator. A great heat content builds up in the whole western Tropical Pacific. Tropical 
cyclones, which need a large heat source, atmospheric instability and sufficient Coriolis 
force can originate there. Their influence, together with the presence of the convergence 
zone of the wind induces a rainy season in the tropical western Pacific. 
The salient features of the circulation at 170"E have been pointed out by MERLE, ROTSCHI 
and VOITURIEZ (1969), but they vary with the hydroclimatic conditions (DONGUY, ELDIN, 
MORLIERE and REBERT, 1984d). During the pre-El Nino period, the circulation is characterised 
by the prevalence of the'westward currents from 15"N to 15's (Fig.13). The zonal surface 
circulation is in geostrophic balance with the meridional topography of the thermocline 
(DONGUY and HENIN, 1983). From 5"N to 5"S, the Equatorial Current* is westward. From 5"N 
to IOON, the North Equatorial Counter Current (NECC) is eastward, as is the South Equatorial 
Counter Current from 5"s to IO'S. From 10"N to 15'N, the North Equatorial Current is west- 
ward, as is the South Equatorial Current at IO'S to 15"s. The transport o f  the North Equa- 
torial Current is more important than that of the South Equatorial Current. WYRTKI and 
KILONSKY (1984) have studied the meridional circulation during the Hawaii to Tahiti Shuttle 
Experiment in the central Pacific; they describe an equatorial current system roughly similar 
but more complicated in its details. 
T NINO 
FIG.13. Schematic representation of the thermal structure ana 
of the circulation in the Western Pacific between 10"N 
and IO'S during pre-El Nino, El Nino, and post-El Nino 
periods (from DONGUY and HENIN, 1983). 
, 
* The terminology used for the Equatorial Pacific currents is slightly different according 
to usage by French than other scientists. For French scientists, the westward current loca- 
ted on the equator is called Equatorial Current, and the westward one located south o f  the 
equator i s  the South Equatorial Current. 
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4.4 Et Nino phenomenon i t s e l f  
E l  N ino  seems t o  s t a r t  w i th  a decrease o f  t h e  SOI and consequent ly  w i t h  t h e  r e l a x a t i o n  o f  
t h e  t r a d e  winds i n  t h e  e q u a t o r i a l  area. T h i s  r e l a x a t i o n  occurs  u s u a l l y  between November 
and January and t h e  e q u a t o r i a l  t r a d e  winds may r e v e r s e  from e a s t e r l y  t o  wes te r l y .  The wa te r  
w i t h  i t s  enormous hea t  c o n t e n t  s t o r e d  i n  t h e  Western E q u a t o r i a l  P a c i f i c  i s ,  t h e r e f o r e ,  no  
l onger  conta ined,  and sea l e v e l  t h e r e f o r e  f a l l s .  A sma l l  warming o f  t h e  s u r f a c e  wa te r  c l o s e  
t o  180" l ong i tude ,  due p r o b a b l y  t o  t h e  c e s s a t i o n  o f  e q u a t o r i a l  upwe l l i ng ,  i s  observed. 
The d ra inage  o f  t h e  wa te r  s t o r e d  i n  t h e  western  P a c i f i c  occu rs  i n i t i a l l y  v i a  an e q u a t o r i a l  
j e t  (DONGUY, ELDIN, MORLIERE and REBERT, 1984a) and then  by t h e  N o r t h  E q u a t o r i a l  Counter 
Cur ren t  (WYRTKI, 1979b; MEYERS and DONGUY, 1984) wh ich  i s  s t r o n g l y  i n t e n s i f i e d  a t  t h i s  t i m e  
(F ig .13) .  
The r e l a x a t i o n  o f  t h e  t r a d e  w inds  i n  October-December i n  t h e  western  P a c i f i c  and sometimes 
i n  t h e  c e n t r a l  P a c i f i c ,  c o m b i n e s i t s  e f f e c t  w i t h  t h e  r e v e r s a l  o f  t h e  n o r m a l l y  e a s t e r l y  t r a d e  
winds i n t o  w e s t e r l i e s ,  t o  induce b o t h  a t rapped  K e l v i n  wave a t  t h e  equator  wh ich  propagates  
eastward w i t h  a v e l o c i t y  up t o  3ms-', and a l s o  e q u a t o r i a l  Rossby waves wh ich  propagate  west-  
ward w i t h  v e l o c i t i e s  l e s s  than  Ims-'. T h i s  i n c i d e n t  K e l v i n  wave inc reases  t h e  sea l e v e l  
and induces  a deepening o f  i so therms and the rmoc l i ne .  The K e l v i n  wave reaches t h e  South 
American coas t  2-3 months l a t e r  where a deepening o f  t h e  the rmoc l i ne  l eads  t o  an i n c r e a s e  
o f  hea t  con ten t .  
The models o f  BUSALACCHI and O'BRIEN (1981) and BUSALACCHI, TAKEUCHI and O'BRIEN (1983) 
d e s c r i b e  t h e  scenar io  ' t h r o u g h  c o n s i d e r a t i o n  o f  t h e  v a r i a t i o n s  o f  sea l e v e l  and t h e  pycno- 
c l i n e  depth.  K e l v i n  waves r e f l e c t  o f f  t h e  e a s t e r n  boundary as Rossby waves. Consequently, 
a r e f l e c t e d  Rossby wave would p ropagate  westward and would induce a r i s e  o f  t h e  e q u a t o r i a l  
t he rmoc l i ne  i n  t h e  western  P a c i f i c .  I n  agreement w i t h  these models, c o r r e l a t i o n s  between 
w ind  s t r e s s  i n  t h e  western  P a c i f i c  and t h e  t h e r m o c l i n e  dep th  i n  t h e  eas te rn  and t h e n  i n  
t h e  western  P a c i f i c  have been p o i n t e d  o u t  (REBERT, DONGUY, ELDIN and MORLIERE, 1983).  
I n  1972-73 and i n  1982-83, a deepening of t h e  the rmoc l i ne  has been observed f r o m  t h e  west 
t o  t h e  e a s t  a long t h e  equator,  p r o p a g a t i n g  eastward w i th  a v e l o c i t y  o f  0.5-Ims-' (F ig .14) ,  
c l o s e l y  assoc ia ted  t o  t h e  p ropaga t ion  o f  west w ind  anomal ies (DONGUY, ELDIN, MORLIERE, REBERT, 
& MEYERS, 1984b). T h i s  deepening c o u l d  r e s u l t  f r o m  a combina t ion  o f  f r e e  and f o r c e d  e q u a t o r i a l  
waves. c 
However, i t  i s  p o s s i b l e  t h a t  E l  N ino  does n o t  o r i g i n a t e  o n l y  i n  t h e  Western P a c i f i c .  
RASMUSSON and CARPENTER (1982) have n o t i c e d  i n  t h e  ocean ic  a rea  o f f  n o r t h e r n  C h i l e  a t r e n d  
f o r  t h e  s u r f a c e  wa te rs  t o  warm i n  November-December i n  t h e  yea r  b e f o r e  E l  N ino  ( E l  Nino- 
I), whereas d u r i n g  t h e  E l  N ino  yea r  t h e  s u r f a c e  wa te rs  u s u a l l y  reach  a maximum tempera tu re  
i n  A p r i l .  
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FIG.14. Depth o f  t h e  20°C i so the rm a long t h e  equator  (2"N-Z"S) 
i n  1982-83 ( f r o m  DONGUY e t  al, 1984b). 
Look ing  a t  t h e  e v o l u t i o n  o f  a t y p i c a l  E l  N ino  e i t h e r  i n  1972 o r  1976, i t  i s  p o s s i b l e  t o  
analyse t h e  sequence o f  events  by d i s t i n g u i s h i n g  t h e  c h a r a c t e r i s t i c  phases o f  t h e  ENS0 
development and by u s i n g  t h e  f o l l o w i n g  a v a i l a b l e  da ta :  
( a )  
(b) The sea l e v e l  (WYRTKI, 1977) 
( C l  The thermal  s t r u c t u r e  a long t h e  South American coas t  (WYRTKI,  1975). 
( d )  The thermal  s t r u c t u r e  a long t h e  equator  f rom MBT, XBT and hyd rocas ts  averaged 
f r o m  I O N  t o  1"s. 
(e )  The composi te sea s u r f a c e  tempera ture  f r o m  s i x  E l  Nino events  over  a 30 yea r  p e r i o d  
(RASMUSSON and CARPENTER, 1982). 
The wind s t r e s s  (BUSALACCHI e t  a t  1983) 
These d a t a  a re  numerous enough t o  d e s c r i b e  t h e  f o l l o w i n g  stages a l r e a d y  d e f i n e d  by RASMUSSON 
and CARPENTER (1982) : 
4.4.1. The onset phase.  The onset  phase i s  f r o m  November o f  t h e  year  b e f o r e  E l  N ino 
( E l  N i n o - I )  t o  January o f  E l  N ino  year,  wh ich  i s  i n  f a c t  t h e  end o f  t h e  p re -E l  Nino p e r i o d  
j u s t  b e f o r e  t h e  sudden decrease of t h e  winds west o f  180" (F ig .15) .  The sea l e v e l  ( t lOcm) 
i s  h i g h  in t h e  Western P a c i f i c  and low (-8cm) i n  t h e  eas te rn  P a c i f i c .  The v e r t i c a l  t he rma l  
s t r u c t u r e  (F ig .16 )  a long t h e  equator  shows a g r e a t  heat  c o n t e n t  west o f  180" i n  agreement 
with h i g h  sea l e v e l .  The sea sur face tempera ture  i s  normal b u t  i n  December a l i g h t  maximum 
c l o s e  t o  180" and t h e  beg inn ing  of a warming i n  t h e  south eas te rn  P a c i f i c  are n o t i c e d .  How- 
ever,  u n t i l  a t  l e a s t  September-October, t h e  u p w e l l i n g  i s  observed a long  South American coas t  
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and the thermocline shoals toward shore (Fig.15). The trade winds are blowing along most 
of the equator pushing warm water to the western Pacific. 







D E C .  1971 or 1975 
FIG.15. Conditions of  sea surface temperature and sea level during the onset phase 
of El Nino. ( A )  Sea level anomaly in December 1975 from WYRTKI (1977). 
( 6 )  Topography of 15°C isotherm along South American coast in September 
'I964 (WYRTKI, 1975). (C) Composite anomaly of sea surface temperature (from 
RASMUSSON and CARPENTER, 1972) valid for December 1971 or December 1975. 
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FIG.16. Left: Schematic representation of the equatorial conditions during the 
Right: Thermal profile at the equator in November onset phase of E l  Nino. 
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4.4.2 The peak phaseThe peak phase (March-May) covers the period when the El Nino pheno- 
menon i t s e l f  f i r s t  appears on the South  American coast  (Fig.17).  Instead o f  h a v i n g  a sloping 
sea surface in the Western Pacif ic ,  the sea level seems t o  lack any gradient from 150"E 
t o  8OOW. The ve r t i ca l  thermal s t ruc tu re  (Fig.18) along the equator s t i l l  shows a strong 
heat content in the Western Pacif ic ,  whereas the thermocline deepens off the coasts  of Ecua- 
dor  and Peru, and a pos i t i ve  anomaly of the sea surface temperature appears. In the  Western 
Pacif ic ,  the t rade winds have been abruptly replaced by wes te r l i e s  in December. Consequently 
the slope of the sea surface disappears and the corresponding water mass has been drained 
off eastward by the Equatorial j e t  and the North Equatorial Counter Current. The Walker 
c e l l  which occupied the whole equatorial  Pac i f i c  during the  preceding November, has been 
displaced eastward with an ascending branch a t  180" associated with strong r a i n f a l l .  
4.4.3 Trans i t ion  phase. The t r a n s i t i o n  phase (August-October) covers the period when the 
E l  Nino e f f e c t s  are progressing in the Pac i f i c  (Fig.19).  The sea level i s  low in  the Western 
Pac i f i c  and high in the  Eastern Pacif ic .  The ve r t i ca l  thermal s t ruc tu re  (Fig.20) along 
the  equator shows a maximum anomaly of heat content in the Eastern Pacif ic .  A new phenomenon 
appears which i s  the shallowing of near-surface isotherms in the Western Pacif ic .  The posi- 
t i v e  temperature anomaly i s  strengthened, extending along the equator, reaching 180" in the 
west and l inking u p  with the one already ex i s t ing  there .  However, near the South American 
coast ,  the  temperature anomaly has progressively been diminishing since June. West winds 
blow in the  Western Pac i f i c  as f a r  ea s t  as 170°W, whereas l i g h t  t rade winds p e r s i s t  ea s t  
of 170"W. The Pac i f i c  Walker c e l l  s h i f t s  eastward (Fig.20) ,  and the Indian Ocean c e l l  
appears in the Western Pacif ic .  Between them, an ascending branch located near 170"W brings 
strong p rec ip i t a t ion .  
. 
4.4.4 Mature phase9uring the mature phase (December-February), the phenomena associated 
w i t h  E l  Nino reach t h e i r  maximum development in the Pac i f i c  (Fig.21).  The sea level i s  
very low in the Western Pac i f i c  and the sea surface i s  almost horizontal from the  Central 
Pac i f i c  t o  Eastern Pac i f i c  (differences are noticed between 1973 and 1977). The ver t ical ,  
thermal s t ruc tu re  (Fig.22) along the equator implies a high heat content in the  Central 
Pac i f i c  with isotherms close t o  the surface in the Western Pacif ic .  A posi t ive 1°C sea 
surface temperature anomaly extends along the equator eas t  of 180". Along American coasts ,  
the sea surface temperature anomaly which has reached a second peak in November-December, 
has returned t o  near normal. The ascending branch of the Walker Cell i s  located in the 
central  Pac i f i c  and coincides with the heat content maximum. I t  i s  a lso associated w i t h  
a r a i n f a l l  maximum. 
4.5 1982-83 E2 Nino 
The above scenario i s  valid f o r  a typical  E l  Nino such as the strong 1972 or the moderate 
1976 event. Although the composite scenario has been obser- 
ved as f o r  prior episodes, the 1982-83 El Nino showed many p e c u l i a r i t i e s :  
The 1982-83 event was a typ ica l .  
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FIG.17. Conditions of the sea  sur face  temperature and sea level during the  peak 
phase of El Nino. (A) Sea level anomaly in March 1976 from WYRTKI (1977). 
( B )  Topography of t he  15°C isotherm f o r  March 1972 (WYRTKI, 1975). 
(C) Composite anomaly of sea surface temperature (from RASMUSSON and CAR- 
PENTER, 1982) val id  f o r  March 1972 or  March 1976. 
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FIG.18. Left: Schematic representa t ion  of t he  equator ia l  conditions during the  
Right: Thermal p r o f i l e  a t  the  equator in February peak phase of E l  Nino. 
1972, from da ta  aver,aged from I O N  t o  I'S. 
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O C T .  1972 or 1976 
FIG.19. Cond i t i ons  o f  t h e  sea s u r f a c e  tempera ture  and sea l e v e l  d u r i n g  t h e  t r a n s i t i o n  
phase o f  E l  Nino. ( A )  Sea l e v e l  anomaly i n  October 1976 f r om WYRTKI (1977). 
( b )  Topography o f  t h e  15°C i s o t h e r m  f o r  September 1972 (WYRTKI, 1975) 
( c )  Composite anomaly o f  sea s u r f a c e  tempera ture  ( f r o m  RASMUSSON and CAR- 
PENTER 1982) v a l i d  f o r  October 1972 o r  October 1976. 
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FIG.20. L e f t :  Schematic r e p r e s e n t a t i o n  o f  t h e  e q u a t o r i a l  c o n d i t i o n s  d u r i n g  t h e  
t r a n s i t i o n  phase o f  E l  Nino. R i g h t :  Thermal p r o f i l e  a t  t h e  equator  i n  
October 1972 f r om d a t a  averaged f r o m  I O N  t o  1"s. 
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DEC. 1972 or 1 9 7 6  
FIG.21. Cond i t i ons  o f  t h e  sea su r face  tempera ture  and sea l e v e l  d u r i n g  t h e  mature 
phase o f  E l  Nino. (A) Sea l e v e l  anomaly i n  January 1977 f rom WYRTKI (1977).  
(5) Topography o f  t h e  15OC i so the rm i n  December 1972 (WYRTKI, 1975).  
(C) Composite anomaly o f  sea s u r f a c e  tempera ture  ( f r o m  RASMUSSON and CAR- 
PENTER, 1982), v a l i d  f o r  December 1972 o r  December 1976. 
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FIG.22. L e f t :  Schematic r e p r e s e n t a t i o n  o f  t h e  e q u a t o r i a l  c o n d i t i o n s  d u r i n g  t h e  mature  
phase o f  E l  Nino. R i g h t :  Thermal p r o f i l e  a t  t h e  equator  i n  January 1973, 
f rom d a t a  averaged f r o m  I O N  t o  l oS .  
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( a )  T h e  build u p  t o  t h e  event t h r o u g h  a warm water accumulation i n  the Western Pac i f i c  
was not as obvious a t  t he  equator as f o r  t he  preceding episodes (MEYERS and DONGUY,  1983) 
b u t  extended throughout t h e  whole t rop ica l  Western Pac i f i c  from 15"N t o  15"s (WYRTKI, 1985). 
(b) 
ween Darwin and Tah i t i .  
A t  the  s t a r t  of t he  event, t he  SOI was weak with a small pressure d i f fe rence  bet- 
(c) The 1982-83 event appeared in May as the  consequence of the  l a t e  re laxa t ion  of 
t he  t r ade  wind (CANE, 1983) and not i n  December as suggested by the  El Nino name. In con- 
t r a s t ,  the preceding events seemed t o  be connected t o  the  seasonal cycle,  as each year from 
December t o  March, a t  t he  El Nino time, warm waters appear in the  equator ia l  area of the  
Eastern Pac i f i c  (PHILANDER, 1985). 
(d)  The 1982-83 event seems t o  have s t a r t ed  by a wind re laxa t ion  and a sea sur face  
heating i n  the Central Pac i f ic ,  ins tead  of in the  Western Pac i f i c  ( K E R R ,  1982; RASMUSSON 
and WALLACE, 1983). The temperature anomaly then propagated eastward. Usually, warm water 
appears f i r s t  off  American coas ts  and seems t o  propagate westward. 
( e )  The in t ens i ty  of t he  event g rea t ly  exceeded the  observations f o r  p r io r  episodes 
off South American coas t  and the  sea  sur face  temperature anomaly reached 7°C (GILL and 
RASMUSSON, 1983), e a s t e r l y  t rade  winds were replaced by west wind along the  e n t i r e  Equatorial 
Pac i f i c  and the  slope of the ocean remained negl ig ib le  during several  months (DONGUY, ELDIN, 
MORLIERE, REBERT, ROUGERIE and MEYERS, 1984e). 
The 1981-83 time va r i a t ions  of monthly mean temperature p r o f i l e s  from 1.5"N t o  1.5"s (Fig.23) 
have been contoured f o r  th ree  longitudinal zones by averaging a l l  the XBT da ta  co l lec ted  
between 140"E and 160"E (Western Pac i f i c ) ,  150"W-170"W (Central Pac i f i c )  and 95"W-I05"W 
(Eastern Pac i f i c ) .  From these  p ro f i l e s ,  the  preceding scenario from RASMUSSON and CARPENTER 
(1982) can be v isua l i sed  f o r  t he  1982-83 El Nino, although i t  i s  the  most deviant from the  
composite norm ( C A N E ,  1985): 
(a )  The onset phase appeared in February-March 1982 when re laxa t ion  of e a s t e r l i e s  
happened in  the  v i c i n i t y  of the da te  l i n e  in the  Central Pac i f i c .  The heat content of 
the Western Pac i f i c  was la rge  because of high sea sur face  temperature and a deep thermo- 
c l ine .  The thermocline was a l so  deep in the  Central Pac i f i c ,  whereas i n  t he  Eastern Pac i f ic ,  
the seasonal high sea  sur face  temperaturecwas observed. 
(b) The peak phase took place in May 1982, a t  which time a Kelvin wave generated in  
the Central Pac i f i c  by re laxa t ion  of e a s t e r l y  winds arrived in the  Eastern Pac i f i c ,  inducing 
a deepening of the  isotherms. A t  t he  same time, isotherms s t a r t e d  t o  shoal in the Western 
Pac i f ic ,  a phenomenon caused by the a r r i v a l  of Rossby waves a l so  generated in the  Central 
Pac i f i c  by the  eas t e r ly  wind re laxa t ion .  
. .+r, 
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FIG.23 
( A )  Time v a r i a t i o n  o f  t h e  v e r t i c a l  d i s t r i -  
b u t i o n  o f  temperature averaged a t  t h e  Equator  
(1°5 'N-1"51S) i n  t h e  Western P a c i f i c  (160"E) 
d u r i n g  1981-83. 
(B) As above except  f o r  C e n t r a l  P a c i f i c  
(16O"W). 
( c )  As above except  f o r  Eas tern  P a c i f i c  
The E l  N ino phases are  marked by t h i n  v e r t -  
i c a l  l i n e s .  
(1OO"W). 
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( c l  The t r a n s i t i o n  phase occu r red  i n  December 1982, when a maximum anomaly o f  heat  
c o n t e n t  due t o  t h e  comp le t i on  o f  t h e  iso therms deepening was l o c a t e d  i n  t h e  Eas tern  P a c i f i c .  
I n  t h e  west, t h e  s h o a l i n g  o f  t h e  iso therms was a l s o  c l o s e  t o  comple t ion .  I n  t h e  Cen t ra l  
P a c i f i c ,  h e a t  con ten t  wh ich  had been a t  a maximum i n  Ju ly -August  1982 was decreas ing  as 
t h e  iso therms shoaled. 
( d )  A t  t h i s  t ime, 
i n  t h e  Eas tern  P a c i f i c  t h e r e  was bo th  a second deepening o f  t h e  iso therms and a second maxi-  
mum o f  t h e  sea s u r f a c e  temperature.  I n  t h e  Western P a c i f i c  t h e r e  was a second maximum 
sha l l ow ing  o f  t h e  iso therms.  However, i n  t h e  Cen t ra l  P a c i f i c  hea t  con ten t  con t inued  t o  
decrease i n  c o n t r a s t  w i t h  t h e  o t h e r  events.  The 1982-83 E l  N ino  was so a c t i v e  t h a t  t h e  
g r e a t  hea t  conten t ,  l o c a t e d  u s u a l l y  d u r i n g  t h e  mature  phase i n  t h e  C e n t r a l  P a c i f i c ,  s h i f t e d  
as f a r  eas tward  as 140"W. 
The mature  phase occu r red  p r o b a b l y  d u r i n g  t h e  f i r s t  months o f  1983. 
4.6 Post-El Nino conditions 
Post -E l  Nino c o n d i t i o n s  a re  t h e  p r o l o n g a t i o n  o f  t h e  mature  phase over  one yea r  o r  more f o l -  
l o w i n g  E l  Nino. U s u a l l y  t h e r e  i s  a r a p i d  recove ry  o f  normal c o n d i t i o n s  a f t e r  E l  Nino, as 
i n  1972-73. However, t h e  b e s t  example o f  pos t -E l  N ino  c o n d i t i o n s  hav ing  p e r s i s t e d  f o r  a 
l o n g  t i m e  was a f t e r  t h e  1976-77 event.  
I n  t h e  pos t -E l  N ino  p e r i o d ,  t h e  Walker C e l l  i n  t h e  P a c i f i c  has u s u a l l y  s h i f t e d  eastward, 
whereas t h e  co r respond ing  C e l l  i n  t h e  I n d i a n  Ocean moves i n t o  t h e  Western P a c i f i c  (F ig .10) .  
I n  t h e  Eas tern  P a c i f i c ,  e a s t e r l i e s  p e r s i s t  b u t  i n  t h e  Western P a c i f i c ,  w e s t e r l i e s  have r e p -  
l a c e d  t h e  t r a d e  winds. The descending branch o f  each Walker C e l l  c h a r a c t e r i s e d  by a subs i -  
dence zone occu rs  a t  each e x t r e m i t y  o f  t h e  P a c i f i c .  
I n  t h e  Western P a c i f i c ,  p o s t - E l  Nino c o n d i t i o n s  c o n s i s t  o f  e i t h e r  w e s t e r l y  o r  wcak e a s t e r l y  
winds i n  t h e  e q u a t o r i a l  zone, assoc ia ted  w i t h  a smal l  SOI and w i t h  t h e  presence o f  t h e  i n t e r -  
t r o p i c a l  convergence zone o f  t h e  winds c l o s e  t o  t h e  equator  (F ig .24) .  The convergence zone 
o f  t h e  winds ceases i t s  seasonal  15"5-15"N movement and s t a y s  c l o s e  t o  t h e  equator  i n  t h e  
Western P a c i f i c  (DONGUY and HENIN, 1981b), i n  t h e  v i c i n i t y  o f  t h e  ascending branch o f  t h e  
Walker C e l l .  The w e s t e r l i e s  i n  t h e  e q u a t o r i a l  a rea  have two main  oceanographic consequences. 
They n e i t h e r  induce e q u a t o r i a l  upwe l l i ng ,  n o r  do t h e y  p i l e  up t h e  water  i n  t h e  Western Pac i -  
f i c .  On t h e  o t h e r  hand, t h e  sea l e v e l  f a l l s  b y  seve ra l  t ens  o f  cen t ime t res  (WYRTKI, 1979b) 
and t h e  the rmoc l i ne  r i s e s  by  seve ra l  t ens  0% metres  by b a r o c l i n i c  ad jus tment  (DONGUY, HENIN, 
MDRLIERE and REBERT, 1982). The t h i c k n e s s  o f  t h e  mixed l a y e r  has been reduced whereas t h e  
s u r f a c e  tempera ture  anomaly i s  u s u a l l y  weak o r  even nonex is ten t ,  as shown by an e q u a t o r i a l  
t r a n s e c t  ob ta ined  a f t e r  t h e  1965 E l  N ino  (F ig .25) .  
Dur ing  t h e  p o s t - E l  N ino  phase i t  r a i n s  i n  t h e  e q u a t o r i a l  zone o f  t h e  Western P a c i f i c  owing t o  
t h e  presence o f  t h e  convergence zone. The p r e c i p i t a t i o n  i s  combined w i t h  eas tward  advec t i on  
and w i th  t h e  absence of u p w e l l i n g  r e s u l t s  i n  t h e  f o r m a t i o n  o f  low s a l i n i t y  water  (DONGUY and 
H E N I N  1976b, 1978b). T h i s  low s a l i n i t y  wa te r  i s  separa ted  f r o m  t h e  h i g h  s a l i n i t y  c e l l  by 
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FIG.24. Schematic representation of the  wind f i e l d  when the  convergence zone 
the  winds i s  located in the  v i c i n i t y  of the equator. 
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FIG.25. Vertical d i s t r ibu t ion  of temperature a t  170"E along a t ransec t  from 5"N 
t o  20's observed during the  c ru i se  BORA 1 (December 1965), during post-El 
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FIG.27. Rainfall in millimetres approximately along 180" meridian. Full line: 
October-April mean rainfall. 
(from DONGUY and HENIN, 1976b). 
Dashed line: October 1957-April 1958 rainfall 
1 Climatic variations in the Tropical Pacific Ocean I9 
FIG.28 Different zones of correlation between the intensity of El Nino and the 
ratio of the observed and mean rainfall (from OONGUY and HENIN, 1980b). 
an intense pycnocline is observed during several cruises carried out by Centre ORSTOM de 
Nouméa: BORA 1 (November-December 1965) after the moderate 1965 El Nino (ROTSCHI, HISARD 
and JARRIGE, 1972) (Fig.25,26), EPONITE 2 (August-September 1976) after the moderate 1976 
El Nino, for the Western Pacific (OUOOT, FERRER, HENIN, GARBE, DE GEOFFROY, JARRIGE, ROUGERIE, 
RUAL and SUPRIN, 1979). The equatorial zone, arid during the pre-El Nino period is particu- 
larly wet during the post-El Nino period. 
Due to the presence of the convergence zone close to the equator during the post-El Nino 
period (OONGUY e t  al., 1982), in the tropical area north and south of the equator the Ekman 
pumping induces a positive upward displacement of the isotherms, similar to the vertical 
displacement at the Equator due to the baroclinic adjustment characteristic of the western 
equatorial Pacific. 
The climatic scenario in the Western Tropical Pacific during post-El Nino period is different 
from that prevailing during the pre-El Nino period (Table 1) (DONGUY, 1982). During post- 
El Nino, anomalous rainfall on the equator due to the westerly winds or to the convergence 
zone of the wind replaces the aridity (Fig.27), and surface salinity is low. However, east- 
erlies blow outside the equatorial band (5"N-I5"N, 5"S-I5"S), and surface salinity becomes 
high due to the westward advection from Central Pacific, the lack of rainfall and the Ekman 
pumping bringing high salinity water up to the surface. The thermocline i s  shallow and 
consequently the heat content is small. There are then few tropical cyclones that originate 
in the Western tropical Pacific, instead they are formed in the Central Pacific wh,ere the 
heat content is large. As there is no convergence zone of the winds and no tropical cyclones, 
-- 
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drought  occurs  i n  t h e  southwest P a c i f i c  where t h e r e  i s  a n e g a t i v e  c o r r e l a t i o n  between t h e  
E l  N ino  s t r e n g t h  and t h e  excess o f  p r e c i p i t a t i o n .  On b o t h  s i d e s  o f  t h e  equator ,  t h i s  c o r r e l -  
a t i o n  i s  n e g a t i v e  (DONGUY and HENIN, 1980b) (F ig .28 )  whereas i t  i s  p o s i t i v e  w i t h i n  t h e  equa- 
t o r i  a l  band. 
Dur ing  t h e  pos t -E l  N ino  pe r iod ,  t h e  f l o w  o f  t h e  eastward Coun te rcu r ren ts  i s  s t r o n g e r  than  
d u r i n g  t h e  p re -E l  N ino  p e r i o d  (F ig .13)  (DONGUY, ELDIN, MORLIERE and REBERT, 1984d). The 
South E q u a t o r i a l  C u r r e n t  f l o w  i: s t r o n g e r  i n  t h e  p o s t - E l  N ino  than  i n  t h e  p re -E l  Nino, and 
t h e  South E q u a t o r i a l  Coun te rcu r ren t  may ex tend as f a r  eas tward  as Po lynes ia ,  whereas d u r i n g  
t h e  p re -E l  N ino  i t  reaches o n l y  as f a r  as 180" (DONGUY and HENIN,  1981b). 
I n  t h e  Cen t ra l  P a c i f i c ,  p o s t - E l  N ino  c o n d i t i o n s  a re  c h a r a c t e r i s e d  by t h e  presence o f  t h e  
eas tward-d isp laced ascending branch o f  t h e  Walker c e l l  (F ig .10) .  As i n  t h e  Eas tern  P a c i f i c  
t h e  s lope  o f  t h e  t h e r m o c l i n e  assoc ia ted  w i th  t h e  w ind  s t r e s s  does n o t  change, and i n  t h e  
Western P a c i f i c  t h e  t h e r m o c l i n e  s lope  i s  reve rsed  i n  agreement w i th  w ind  s t ress ,  t h e  thermo- 
c l i n e  i s  t h e  deepest i n  t h e  Cen t ra l  P a c i f i c  where t h e  heat  c o n t e n t  and t h e  ocean-atmosphere 
exchanges a r e  maximum (HENIN and DONGUY, 1980) (F ig .22) .  T h i s  f e a t u r e  was obv ious  i n  1957-58 
a f t e r  t h e  s t r o n g  1957 E l  Nino, and a l s o  i n  1976-77 a f t e r  t h e  moderate 1976 E l  N ino  (F ig .29)  
accord ing  t o  d a t a  c o l l e c t e d  d u r i n g  t h e  c r u i s e  DANAIDES 2 c a r r i e d  o u t  by t h e  Cent re  ORSTOM 
de Noum6a (ANON, 1980). T h i s  f e a t u r e  i s  a l s o  c o r r o b o r a t e d  .by t h e  sea s u r f a c e  tempera ture  
i n  t h e c e n t r a l  P a c i f i c ,  where a p o s i t i v e  anomaly was n o t e d  i n  January 1977 (MIYAKODA and 
ROSATI, 1982).  Moreover, e m p i r i c a l  o r thogona l  a n a l y s i s  a long t h e  F i  j i - H o n o l u l u  s h i p p i n g  
r o u t e  revea led  a p o s i t i v e  anomaly o f  sea su r face  tempera ture  i n  1976-77 (DONGUY and DESSIER, 
1983). Dur ing  t h e  1982-83 E l  Nino,' t h e  deepest t he rmoc l i ne  occu r red  i n  , the  C e n t r a l  P a c i f i c  
e a s t  o f  150"W. A t  t h i s  l o c a t i o n ,  maximum hea t  c o n t e n t  and ocean-atmosphere exchanges were 
c l e a r l y  e v i d e n t  when t h e  t r o p i c a l  cyc lones  o r i g i n a t e d  i n  t h e  C e n t r a l  P a c i f i c  i n s t e a d  o f  
i n  t h e  Western P a c i f i c  (DONGUY, BEGAUD, EBSTEIN and CALVEZ, 1979; ELDIN and DONGUY, 1983; 
REVELL and GOULTER, 1986).  
I n  t h e  Eas tern  P a c i f i c ,  p o s t - E l  N ino  c o n d i t i o n s  h a r d l y  d i f f e r  f r o m  t h e  p re -E l  N ino  ones., 
F o l l o w i n g  t h e  i n t e r e s t i n g  1976-77 episode, e q u a t o r i a l  u p w e l l i n g  was normal (DONGUY and HENIN 
1980a) and e m p i r i c a l  o r thogona l  a n a l y s i s  a long t h e  Tahi t i -Panama s h i p p i n g  r o u t e  d u r i n g  
1977 d i d  n o t  r e v e a l  p o s i t i v e  anomal ies o f  sea s u r f a c e  tempera ture  (DONGUY and DESSIER, 1983). 
However, acco rd ing  t o  MIYAKODA and ROSATI (1982) i n  January 1977 t h e  south-eas tern  P a c i f i c  
was occup ied  by a p o s i t i v e  anomaly o f  sea s u r f a c e  tempera ture .  
I n  conc lus ion ,  t h e  p o s t - E l  N ino  c o n d i t i o n s  a r e  w e l l  developed i n  t h e  Western and C e n t r a l  
P a c i f i c ,  b u t  n o t  i n  t h e  Eas te rn  P a c i f i c .  
-- ' 
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FIG.29. ( A )  Mean tempera ture  (0-100m) f rom Novcriibcr 1957 t o  
March 1958 f rom H E N I N  and DONGUY (1900) .  
(6) Mean tempera ture  (0-100m) f r o m  November 1976 t o  
March 1977 ( f r o m  H E N I N  and DONGUY, 1980).  
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5. CONCLUSION 
S ince 1979, t h e  SURTROPAC Group o f  t h e  Cent re  ORSTOM de Nouméa has c o n t r i b u t e d  t o  t h e  s tudy  
o f  t h e  coup led  ocean-atmospheresystem i n  t h e  t r o p i c a l  P a c i f i c  u s i n g  b o t h  hyd rog raph ic  c r u i s e s  
and surface-XBT network by s h i p s - o f - o p p o r t u n i t y .  From t h e  a n a l y s i s  o f  t h e  observa t ions ,  
t h e  f o l l o w i n g  main s ta tements  can be made: 
(1) 
above 25°C l e a d  t o  s t r o n g  v a r i a t i o n s  i n  energy  t r a n s f e r  t h rough  t h e  sea su r face .  
( 2 )  I n  t h e  Western t r o p i c a l  P a c i f i c ,  sea su r face  s a l i n i t y  can be cons ide red  as a m i r r o r  
o f .  c l i m a t i c  c o n d i t i o n s ,  b o t h  f o r  seasonal  and i n t e r a n n u a l  v a r i a t i o n s  connected w i th  E l  N ino  
events.  
I n  t h e  Western t r o p i c a l  P a c i f i c  even weak v a r i a t i o n s  o f  t h e  s u r f a c e  tempera ture  
(3) 
d u r i n g  E l  N ino  and consequent ly  t r o p i c a l  cyc lones  o r i g i n a t e  i n  t h e  Cen t ra l  P a c i f i c .  
The hea t  poo l  u s u a l l y  p r e s e n t  i n  t h e  Western e q u a t o r i a l  P a c i f i c  s h i f t s  eas tward  
(4) Two t ypes  o f  c l i m a t i c  c o n d i t i o n s  occur  d u r i n g  t h e  p re -E l  N ino  and pos t -E l  N ino  
p e r i o d s  i n  t h e  t r o p i c a l  P a c i f i c  Ocean. 
(5) 
s t a r t e d  i n  t h e  C e n t r a l  P a c i f i c  i n s t e a d  o f  t h e  Western P a c i f i c .  
By c o n s i d e r a t i o n  o f  t h e  scenar io  o f  t h e  1982-83 E l  Nino, i t  seems t h a t  t h i s  even t  
On t h e  o t h e r  hand, t h e  SURTROPAC network has shown t h e  c a p a c i t y  t o  m o n i t o r  n o t  o n l y  t h e  
hea t  c o n t e n t  a v a i l a b l e  i n  t h e  P a c i f i c  Ocean b u t  a l s o  t h e  s u r f a c e  c i r c u l a t i o n  t h a t  d issemin-  
a tes  it. T h i s  ne twork  w i l l  p r o b a b l y  c o n s t i t u t e  one o f  t h e  ma jo r  d a t a  sources f o r  t h e  TOGA 
programme. 
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